
 

 

Agent-based modelling of microtubule dynamics 
Microtubules are elongated tube-shaped polymers. They are part of the cytoskeleton and play an 
important role in cell motility, intracellular transport and maintenance of cell shape and cell division 
of eukaryotic cells. They consist of dimers of alpha and beta tubulin, which self-assemble during 
polymerization (see video). Different mechanisms on different time and size scales are crucial for 
microtubule formation [1]. This project focuses on the macroscopic behavior of Plasmodium 
falciparum microtubules in in vitro experiments. In experiments by the Reber lab (HU Berlin) [2,3], 
stabilized microtubule seeding points are placed on a surface together with free alpha and beta 
tubulin dimers in the surrounding liquid. The growth dynamics of this system are measured by TIRF 
Microscopy.  

 

 
Microtubule Dynamics observed by TIRF Microscopy. (a) Schematic experimental design: Stabilized microtubule seeds (red) 
are bound to the cover glass and serve as nucleation points for dynamic microtubules (green). (b) TIRF microscopy image of 
dynamic microtubules (green) grown from stabilized seeds (red). Scale bar: 10 µm [2].  

 

The goal of this project is to implement an agent-based model that reproduces the experimentally 
observed microtubule dynamics. Each dimer is represented by an agent and the whole system is 
reduced to these key parameters: 

- Diffusion/movement speed of dimers 
- Attachment & detachment probability  
- Dimer & seeding point density 

Possible extensions to the model include incorporating more complex effects like dimer alignment or 
microtubule interactions. As there are many possibilities to extend the model in a meaningful way, 
students are encouraged to bring in their creativity to suggest and implement extensions. 

Interested students should fulfil the following requirements:  
- Interest in scientific programming and data analysis  
- Ability to work independently on complex topics 

https://www.youtube.com/watch?v=ZpEKOH4LBAc
http://www.thereberlab.com/


- Frustration tolerance if things do not work out as planed (because they never do : ) 
- Interest in interdisciplinary interactions 

Please contact andreas.kuhn@uni-wuerzburg.de or sabine.fischer@uni-wuerzburg.de for further 
information. 
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